Objective: The aim of this study is to investigate the variations in the number of root and canal in the mandibular first permanent molars (MFPMs) teeth in East Coast Malaysian population using cone-beam computed tomography (CBCT). Materials and Methods: CBCT images which show MFPMs recorded in HUSM Dental Clinic between January 2015 and June 2016 was obtained and analyzed for their number of roots and canals. A total of 208 CBCT images of MFPMs were collected; 118 patients had unilateral molars and 90 patients had bilateral molars. The following observations were made: (1) root number; (2) number of canals per root; and (3) comparisons of number of roots and canals according to gender, ethnicity, and position. Results: The majority of cases of bilateral MFPM had the same number of roots (95.6%, 95% confidence interval [CI]: 89.01%, 98.78%) on both the right and left side and only 4 cases (4.4%, 95% CI: 1.22%, 10.99%) had 3 roots on the right and 2 roots on the left sides. The majority of cases had the same number of canals on both sides (66.7%, 95% CI: 55.95, 76.26%) and 33.3% (95% CI: 23.74%, 44.05%) with unequal number of canals. The occurrence of the number of canals was not independent of the sides of the arch (P < 0.001) and there was statistically significantly greater proportion of cases who had greater number of canals on the right side than the left (P = 0.03). The prevalence of right single-rooted MFPM was very small at 0.3% (n = 1) in a Malay male (95% CI: 0.00, 1.83) and the most prevalent was two roots first molar (88.4%). The number of roots was not associated with sex or ethnic group (P > 0.05). The MFPM with a single root was found to have only one mesial canal. For two rooted MFPM, the most prevalent occurrence was How to cite this article: Deng PU, Halim MS, Masudi SM, Al-Shehadat S, Ahmad B. Cone-beam computed tomography analysis on root and canal morphology of mandibular first permanent molar among multiracial population in East Coast Malaysian population. Eur
INTRODUCTION
The success of endodontic therapy is very much related to the procedure performed during the treatment which includes locating and identifying the root canals, removing the pulp tissue, cleaning and shaping, obturating the canal(s), and placing a permanent restoration. However, all root canal needs to be identified and located before the procedure is performed and misidentification of roots and canal number may lead to endodontic failure. [1, 2] Enumerating the root canals may pose a challenge due to the variation in the anatomy of root canal system which varies between teeth, individuals, and ethnics. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Mandibular first permanent molar (MFPM) is among the common first permanent tooth to erupt and also to be extracted. [13] This is due to prolonged duration of insult, resulting from the continuous process of demineralization-remineralization in the oral cavity, and once the balance tipped toward demineralization, caries lesion starts to appear. This makes the MFPM among the first teeth to develop caries among the permanent dentition and progress deeper toward root canal system without any monitoring and treatment. A carious lesion that involved the pulp or root canal system is usually large and resulted in the need for either extraction or root canal treatment. It also has been found that the major reason for tooth loss of this MFPM is caries, followed by endodontic failure. [2] Several studies have examined the root and canal morphology of mandibular first molars in different races and gender. [3, [14] [15] [16] [17] The variation in morphology of each root canal was so unique that it is suggested to be genetically and racially inflicted. [3, 18] However, these studies used conventional two-dimensional (2D) periapical radiograph and demineralization-staining technique.
Advanced technology has allowed for the applications of cone-beam computed tomography (CBCT) as a tool in dental diagnostic. [6, 7, 14, 16] It provides 3D information and has been shown to be a good method for pretreatment assessment of root and canal morphology. [19] CBCT modalities were able to overcome the superimposition of surrounding structures and the 3D reconstruction makes it superior than conventional periapical radiograph. [1] The ability of this new radiographic modality allows research to be done without tissue destruction and functioning natural tooth in the oral cavity.
The MFPM typically has two roots, one each at the mesial and distal and; three canals, two in the mesial root and one in distal root. [3, 6, 7, [13] [14] [15] [16] [17] However, these were from Sudanese, Turkish, Korean, Indian, Senegal, Chinese, and Kuwaiti populations, and at present, there is scarce data on root and canal morphology of mandibular first molars from Malaysian population, Hence, the aim of this study was to describe the number of roots and canals of MFPM and the variations between the different ethnics in East Coast Malaysian population.
MATERIALS AND METHODS
Samples were patients whom had attended the Hospital Universiti Sains Malaysia (USM) Dental Clinic. They have CBCT images taken as part of investigation before treatment and archived in the Radiology Unit, School of Dental Sciences, USM. The CBCT images were taken by one licensed radiologist using 3D Planmeca Promax (Finland) with scan setting at 90 kVp, 10 mA, field of view 80 mm × 80 mm, voxel size 320 µm, and dosage of 1233 DAP (mGyXcm 2 ). The approval for the use of the images was obtained from the Human Research Ethics Committee, USM (JEPeM Code: USM/JEPeM/16030122). A case was included if the patient's age was between 10 and 70 years old, information on sex and ethnicity, and good-quality CBCT images that includes the right MFPM with fully formed apex, and without periapical lesion, root canals filling, and crown restoration was available. For selected number of cases, both the right and left side of MFPM were recorded.
The 3D image was analyzed using Romexis 2.9.2 R software (Planmeca promax Planmeca Oy Asentajankatu 6 FIN-00880 Helsinki, Finland) in a two canals at the mesial and one canal at the distal roots (59%); followed by single canals in each mesial and distal (21%) and double canals per root (18%). Three roots MFPM have either single or double canals in the mesial root and double canals in the distal root. Conclusions: The majority of population in the East Coast region of Malaysia has two roots and three root canals in their MFPMs. There was no difference in the number of roots between gender and ethnic and canals between ethnic.
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Cone-beam computed tomography, Malaysian population, mandibular first permanent molar anatomy, root canal anatomy specific room for radiographic analysis. The images were displayed on 20-inch LCD Monitor at resolution 1280 × 1024 pixels. The image magnification and contrast were adjusted until optimal visualization was achieved. The analysis was performed by moving the images to browse the entire root canal anatomy from the canal orifices to the root apex. Observation on the number of roots and root canals, number of canals per root were recorded. Other demographic information includes the gender and ethnic group.
Statistical analysis
Descriptive analysis was used to describe the sample and the prevalence of canals and roots of MFPM.
Chi-squared test was used to examine the independence of the number of roots in cases with bilateral MFPM and the sides of the arch. McNemar-Bowker test was used to compare the contralateral proportion of the number of roots. Analysis was carried out using SPSS v22, (SPSS, v22, IBM Statistic, California, USA), and significant level was set at 5%.
RESULTS
A total of 301 cases including 90 cases with bilateral MFPM were examined [ Table 1 ]. There were more female cases (56%) and the majority were from Malay ethnic group (79%). The distribution of cases with bilateral MFPM is as in Table 2 . The majority of cases of bilateral MFPM had the same number of roots (95.6%, 95% confidence interval [CI]: 89.01%, 98.78%) on both right and left side and only 4 cases (4.4%, 95% CI: 1.22%, 10.99%) had 3 roots on the right and 2 roots on the left sides. Analysis showed that the occurrence of number of roots was not associated with the side of the arch (P = 0.3). The majority of cases had the same number of canals on both sides (66.7%, 95% CI: 55.95, 76.26%) and 33.3% (95% CI: 23.74%, 44.05%) with unequal number of canals. However, the occurrence of the number of canals was not independent of the sides of the arch (P < 0.001) and there was the statistically significantly greater proportion of cases who had greater number of canals on the right side than the left (P = 0.03).
Examination of the right MFPM only showed that the prevalence of single-rooted first permanent molar was very small at 0.3% (n = 1) in a Malay male (95% CI: 0.00, 1.83) and the most prevalent was two roots first molar (88.4%) [ Table 3 ]. The number of roots was not associated with sex or ethnic group (P > 0.05). There was also one case of single canal MFPM and while most cases had three canals (58.3%) and followed by four and two canals [ Table 4 ]. The number of canals was not associated with ethnic group (P > 0.05). However, the males had significantly fewer number of canals than females (P = 0.02).
The distribution of canals by the number of roots is presented in Table 5 . The MFPM with a single root was found to have only one mesial canal. For two-rooted MFPM, the most prevalent occurrence was two canals at the mesial and one canal at the distal roots (59%); followed by single canals in 
DISCUSSION
Root canal morphology is claimed to vary between ethnic and because of that it is important for the clinician to be aware about the variation before commencing root canal treatment. [20] The analysis found that there the occurrence of the number of roots is independent of the sides of the jaw. It also found that the probability of finding unequal number of root between the right and left MFPM was small (4%, 95% CI: 0.0, 9.33) with the majority of cases having two roots on both sides (87%). If the right MFPM was found to have two roots, there is remote probability to find the three roots on the left side and; if it has three roots, the left side will be has 75% greater odds of having 3 roots. This is especially important in multiracial society such as Malaysia, which might pose a great challenge to dentist successfully perform root canal treatment. Untill now, there is lacking literature on root canal morphology of MFPM in Malaysian population. [21, 22] This study described the variations of MFPM of the east coast population of Malaysia. Malaysian population is a mixed between Malay, Chinese, and Indian as their three major ethnic group with other ethnic groups in smaller proportion. Previous study had suggested that the number of roots in MFPM varies between ethnic, which is contradicting to the finding in this study. In Asian population, the incidence of three rooted MFPM was higher especially in Chinese. [20, [23] [24] [25] Contrary to this, Chinese in the present study was having greater incidence of two rooted rather than three rooted in their MFPM. However, the former two ethnics were descendent of mongoloid trait [26, 27] and may be the reason for the observed result. The Indians participants in the present study were found to have two-rooted MFPM which contradicting from a previous study which found three-rooted MFPM in Indian population. [15] This result need to be interpreted carefully as the sample size of that ethnic in the present study is small and may not fully represent the population. In addition, the result in this study might be an underinterpretation of Indian patient as according to Malaysian Constitution, any Indian-Muslims is registered as Malay in their identity card. [28, 29] The MFPM usually have two roots located on the mesial and distal, but in mongoloids population, the presence of distolingual root is considered to be a normal morphology variant and can be identified as an Asian trait. [8, 21, 23] Three-rooted mandibular first molars have been reported to occur more frequently in the Mongoloid than Caucasoid race. [19] In the current Earlier studies reported that distolingual root was more prevalent in the males. [30, 33] However, the findings from the present study was similar to Taiwanese population where no difference was found between the genders. [5, 11] Topologic predilection for the presence of extra distolingual root in the MFPMs is also a controversial issue. Some studies reported that three-rooted MFPMs was predominant on the right side, [11, 33] while others found left side predominance. [21, 34] However, there was no significant different of topologic predilection found in our study.
The diversity in each outcome may be due to different methods of case selection and different sample sizes. Further investigation need to be carried out with larger sample to clarify the issue.
The prevalence of four canals in this study was lower (22.22%) compared to Sudanese population (59%). [3] However, the occurrence of two canals in our study (23.3%) was higher than Kuwaiti (6.1%), [17] Western China population (1.4%), [16] Indian (6.45%), [15] and Taiwan (3.4%) populations. [5] One interesting observation in this study is that having four and five canals was significantly more prevalent in the females than males [ Figures 1 and 2] .
Technological advancement influences the method to investigate root canal morphology. Among the premier methods, roots were decalcified and dissected horizontally and the canals were identified from the transparent specimens under stereomicroscope at 20 times magnification. [35] Then, the use of ink was introduced to help identify the canals. Indian ink was injected into the root canal system before the tooth was decalcified and dehydrated with alcohol to render the extracted tooth specimen transparent. [36] Another method is by evaluating periapical radiograph, but this method resulted in very limited interpretation of 3D tooth structure. [12] CBCT imaging was claimed to have a similar accuracy to the modified canal staining and tooth clearing technique. [19] The main advantage is that it allows for 3D reconstruction and visualization of the external and internal anatomy of teeth which makes it more accurate than conventional radiographs. [37] This study has the advantage of using the CBCT to examine the root and canal morphology which allows the investigation to be done in shorter time and lower cost as the sample were obtained from radiology archive. Given that the radiology assessment was carried out by a trained person, the result has a similar accuracy to the conventional slide specimen. study, an extra distolingual root was observed in 11.9% of the cases. This prevalence is lower than that found in Western China population [16] (25.8%) and Taiwanese population [5] (25.3%). However, the incidence of three-rooted MFPM is higher than previous studies of Caucasians (4.3%), [23] Sudanese, and Senegalese (3.0%) patients. [3, 31] It is not clear whether this variation is due to sampling variation related to location and diversity of ethnic as result of migration and mixed genetic. For example, regional differences were observed in the prevalence of three-rooted MFPM of Taiwanese, whom the prevalence was greater than other oriental populations [11, 25] and mentioned as a special characteristic of their dentition. [32] Although the number of cases with three roots MFPM is small in the present study sample, a special attention should be given to such cases as it increases the challenge to carry out root canal cleaning and shaping of this additional root also known as radix entamolaris. However, the sample included is limited to the East Coast of Malaysian population and may not represent the Indian population very well.
CONCLUSIONS
Within the limitations of this study, the majority of the population living in the East Coast region of Malaysia have two roots and three root canals in their MFPMs. But there are cases of MPFM with four and five canals and they are significantly more prevalent in the females. CBCT is a valuable tool for identifying an extra distolingual root in mandibular first molars.
